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EXPERIMENTAL STUDIES
Thrombolysis in Acute Experimental Myocardial Infarction
KARL RUEDIGER KARSCH , MD ,*t MANFRED HOFMANN , MD, t KLAUS PETER RENTROP, MD,
FACC,* HEINRICH BLANKE, MD, * WOLFGANG SCHAPER, MOt
New York. New York and Bad Nauheim , West Germany
Lysis of thrombi by intracoronary application of strep-
tokinase has become a new therapeutic approach in pa-
tients with acute myocardial infarction. To simulate the
clinical situation of myocardial infarction a new exper-
imental model was developed, which was based on a
thrombotic coronary occlusionat the site of a high degree
stenosis created by a constrictor. In 20 dogs, two liga-
tions 15 mm apart were prepared at the left anterior
descending or circumflex coronary artery. After closure
of the distal ligation, 2 IV of thrombin was injected
through a catheter directly in front of the proximal li-
gation. The catheter was withdrawn and the proximal
ligation was closed. Occlusion time ranged from 1 to 6
hours . At 1, 2, 4 and 6 hours after occlusion, strepto-
kinase was infused for 1 hour (100,000 IV in 200 ml of
saline solution) into the left main coronary artery. He-
modynamic variables and coronary blood flow to the
ischemic and normal myocardial areas were recorded
Recent studies in patients with acute myocardial infarction
have shown that occluding coronary artery thrombi can be
lysed by local application of streptokinase into the infarct-
related coronary artery (1-3) . Significant improvement of
local and global left ventricular function occurred in patients
after successful reperfusion in the early stage of myocardial
infarction (4). In experimental studies. some authors (5- 7)
have found improvement, others (8- 10) no change and some
(11-13 ) deterioration of left ventricular function early after
reperfusion.
Discrepancies between the results achieved in human
studies and animal experiments could be related to the mode
of reperfusion, which in experimental settings was achieved
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continuously. Myocardial perfusion was measured six
times with tracer microspheres.
Reinstatement of blood flow, as well as normalization
of myocardial perfusion in the ischemic area, wasachieved
by streptokinase at 5 minutes after 1 hour of occlusion,
S minutes after 2 hours, 15 minutes after 4 hours, and
30 minutes after 6 hours; no hyperemic flow occurred.
Postmortem staining of infarct size revealed more than
50% of viable myocardium in the perfusion area of the
thrombotic vessel even after 6 hours of occlusion. Hem-
orrhage occurred only after 6 hours of occlusion and
was limited to the central area of necrosis in the sub-
endocardial layer. Serious reperfusion arrhythmias oc-
curred only after 1 and 2 hours of occlusion and seemed
to be independent of the mode of reperfusion; however,
the total number of episodes of ventricular fibrillation
after reperfusion was probably decreased compared with
that after sudden and hyperemic reflow.
by sudden and complete release of a mechanical obstruction,
resulting in hyperemia (11 ,14). To simulate the clinical
situation a new experimental model for inducing acute myo-
cardial infarction was developed. Coronary flow and myo-
cardial perfusion during and after reperfusion were quan-
titated. Both the incidence of repcrfusion-induced ventricular
arrhythmias and the impact of reperfusion on infarct mor-
phology were assessed.
Methods
Surgical Procedures
Twenty-eightmongrel dogsofboth sexes and ofunknown ages.
with a mean (± standard deviation) weight of 31 .3 ± 5.6 kg.
were studied. After premedication with subcutaneous piritramide
(5 mg/kgbody weight), anesthesia was initiated with pentobarbital
(10 mg/kg body weight intravenously) and maintained after in-
tubation with a 3:I mixture of nitrous oxide/oxygen by means of
an Engstroem respirator.
Thoracotomy was performed in the fi fth intercostal space. After
pericardiotomy, a small 2 French catheter was inserted into the
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Figure 2. Diagram of the experimental protocol. Lysis time and control
period after reperfusion were identical in all dogs. Occlusion time ranged
from I hour (Group I) to 6 hours (Group IV).
OControl .OCCIUSion OLysis ~Controlperiod t50crificedmeosures W time ~ ofter reperfusion
the distal ligation was closed. Two IU of thrombin in 0.2 ml of
saline solution was injected directly in front of the proximal li-
gation. The catheter was withdrawn and the proximal ligation was
closed.
Reperfusion groups (Fig. 2). There were four groups with
five dogs each in which the study could be completed. In addition,
a total of eight dogs died during the procedure. Five of these dogs
died immediately after closure of the coronary artery. Three dogs
died during the reperfusion, two after I hour and one after 2 hours,
of occlusion, as a result of prolonged episodes of ventricular fi-
brillation that could not be controlled within 5 minutes. These
eight dogs were excluded from the following analysis. The occlu-
sion time was I hour in Group I, 2 hours in Group II, 4 hours in
Group III and 6 hours in Group IV.
Streptokinase infusion and tracer microsphere injec-
tion. At the end of the occlusion, tracer microspheres were in-
jected into the left atrium for the first time. The proximal and
distal ligations were removed and the thrombotic obstruction was
visualized by contrast angiography. A total dose of 100,000 IU
of streptokinase (Kabikinase, Deutsche Kabi, GmbH), dissolved
in 200 ml of saline solution, was infused into the left main coronary
artery during a I hour period. Lysis time was defined as the time
from the start of streptokinase infusion to the subsequent increase
of flow as measured by electromagnetic flowmeter. In the dogs
with I hour of occlusion, tracer microspheres were injected a
second time at evidence of increased coronary flow as diagnosed
by continuous flowmeter recordings. In the three other groups, the
second injection of tracer microspheres was performed after re-
moval of both ligations before infusion of streptokinase. The third
injection of microspheres was performed at the time of increased
flow in the occluded vessel in these groups. Fifteen minutes after
increased flow, tracer microspheres were injected in all groups.
At the end of streptokinase infusion and 2 hours later, tracer micro-
spheres were injected again. After the control period of 2 hours
the dogs were sacrificed (Fig. 2). The electromagnetic flow trans-
ducers were calibrated for blood flow at the termination of the
experimental procedure.
Postmortem coronary artery and myocardial tissue prep-
aration. After excision of the heart, the coronary arteries were
filled with micronized barium sulfate suspended in a 12% gelatin
solution under increasing pressure from 70 to 140 mm Hg. The
fat was trimmed away and the right ventricle removed. The non-
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Figure 1. Diagram of the experimental preparation showing variable li-
gations and flowmeters placedaroundthe left anterior descending (LAD)
coronary arteryandthecircumflex (ex) coronary artery. Aconstrictor (art.
Stenosis) is placed around the left anterior descending artery. Lig. dist.
= distal ligation; Lig. prox. = proximal ligation.
left atrium. The left anterior descending artery and the left cir-
cumflex artery were then prepared and a flow probe was placed
around both proximal arteries. Two ligations at a distance of 15
to 20 mm were prepared in 20 dogs at the left anterior descending
artery, and in 8 dogs at the circumflex artery behind the flow probe
(Fig. I). Directly in front of the distal ligation a stenosis was
created by means of a plastic constrictor with an inner diameter
of 1.6 to 1.4 mm, which produced a reduction of hyperemia of
about 50%. This corresponded to a stenosis of 75 to 80% on a
length of 5 mm.
Hemodynamic measurements. Left ventricular pressure was
measured with a 5 French Millar catheter tip micromanometer
(natural frequency, 25 to 35 Hz; relative damping, 0.04). The
micromanometer was zeroed to atmospheric pressure and cali-
brated at 37° C before catheterization. The first derivative of left
ventricular pressure (dP/dt) was computed simultaneously with a
Hewlett-Packard differentiator with a critical frequency set at 100
Hz. The differentiator was calibrated using a ramp wave generator.
Aortic and right atrial pressures were measured using a Statham
pressure transducer (P 23 Db). Cardiac index was calculated with
a Fischer computer using dye-dilution technique. Left ventricular
systolic pressure, dP/dt, heart rate and systolic ejection time were
used for continuous calculation of oxygen consumption (MV02)
according to Bretschneider's equation (15). The use of this method
has been substantiated in both animal experiments (16) and human
studies (17).
Experimental Protocol
Thrombus production. On completion of the preparation,
control measurements were performed. An 8 French Sones catheter
was placed selectively in front of the flow probe into either the
left anterior descending or the circumflex artery. Subsequently,
Table 1. H emod yn am ic Va riab les Before . During and After Reperfusion (mean ± standard deviati on )
Time
Frame LVP LVEDP AoP dP/dt max dP/dt min CO HR
Group I ( I hour of occlusion)
1 116 ± 19 18.4 ± 4.4 100 ± 17 1445 ± 348 1741 ± 469 1.4 ± 0.3 75 ± 14
2 109 ± 17 19.1 ± 3.4 96 ± 13 1505 ± 397 1741 ± 464 1.4 ± 0.3 100 ± 40*
4 112 ± 16 18.6 ± 1.3 94 ± 9 1478 ± 273 1688 ± 337 1.7 ± 0.5 105 ± 40
5 111 ± 22 18.8 ± 2.5 94 ± 17 1506 ± 508 1596 ± 540 1.4 ± 0.6 105 ± 40
6 101 ± 19 17.8 ± 2.9 84 ± 18 1324 ± 233 1334 ± 378 1.4 ± 0.4 122 ± 3 1
7 103 ± 17 17.8 ± 3.2 88 ± 15 1393 ± 267 1350 ± 429 1.6 ± 0 .6 133 ± 23*
Group" (2 hours of occlusion)
I 100 ± 10 13.9 ± 6.0 79 ± 12 1443 ± 324 1350 ± 120 1.8 ± 0.4 89 ± 28
2 99 ± 14 15.9 ± 4.5 82 ± 17 1463 ± 3 14 1337 ± 271 1.5 ± 0.6 96 ± 36
3 98 ± 19 15.7 ± 4.3 79 ± 17 1379 ± 272 1239 ± 328 1.5 ± 0.7 101 ± 25*
4 101 ± 20 17.5 ± 8.6 78 ± 18 1492 ± 494 1308 ± 435 1.4 ± 0.3 114 ± 35
5 100 ± 18 16.7 ± 7.3 76 ± 20 1512 ± 452 1350 ± 439 1.4 ± 0.3 116 ± 30
6 92 ± 13 17.3 ± 3.7 68 ± 13 1422 ± 243 1098 ± 74 1.4 ± 0.4 99 ± 37
7 90 ± 10 12.6 ± 5.2 64 ± 13 1482 ± 185 11 22 ± 249 1.4 ± 0.4 124 ± 22*
Group III (4 hours of occlusion)
1 125 ± 22 16.8 ± 2.8 103 ± 22 1779 ± 532 1847 ± 466 2.3 ± 0.8 92 ± 27
2 113 ± 7 20.5 ± 4.8* 92 ± 8 1468 ± 93* 1568 ± 286 1.6 ± 0.3 108 ± 42
3 120 ± 22 19.3 ± 4.4 93 ± 25 1739 ± 586 1536 ± 306 1.5 ± 0.4* 107 ± 40
4 105 ± 16 19.7 ± 4.1 85 ± 14 1419 ± 366 1326 ± 293 1.6 ± 0.4 122 ± 21*
5 105 ± 14 19.8 ± 3.8 78 ± 18 1454 ± 300 1376 ± 260 1.4 ± 0.3 125 ± 20
6 104 ± 14 19.8 ± 3.8 76 ± 16 1446 ± 3 17 1341 ± 268 1.8 ± 0.8 126 ± 23
7 104 ± II 19.9 ± 5.8 75 ± 16 1439 ± 36 1 1275 ± 194 1.7 ± 0.9 134 ± 22
Group IV (6 hours of occlusion)
I 125 ± 10 15.4 ± 4. 1 104 ± 8 1698 ± 659 1757 ± 3 14 2. 7 ± 1.2 106 ± 26
2 125 ± 14 19.5 ± 5.5* 100 ± 10 1747 ± 387 1746 ± 387 2.4 ± 0.6 104 ± 27
3 125 ± 19 22.6 ± 5.7 96 ± 18 1680 ± 494 1680 ± 494 2.0 ± 0.7* 104 ± 23
4 117 ± 17 20.9 ± 5. 1 90 ± 18 1607 ± 463 1607 ± 463 2.2 ± 1.0 130 ± 20*
5 11 4 ± 10 21.0 ± 4.5 85 ± 16 1527 ± 461 1526 ± 46 1 2. 1 ± 1.2 135 ± 22
6 11 2 ± 24 20.2 ± 4.9 88 ± 23 1458 ± 600 1458 ± 599 1.9 ± 0.6 139 ± 34
7 112 ± 13 19.2 ± 3.6 84 ± 17 1590 ± 345 1590 ± 345 1.7 ± 0.4 136 ± 3 1
* = P < 0 05
Time frame I = control measureme nt, 2 = end of occlu sion ; 3 = ope ning of the ligat ions: 4 = at repcrfusion: 5 = 15 minutes after reperfusion ; 6 = after 60 minutes
of streptokinase mfusron, 7 = 2 hours after end of intracoronary infusion: AoP = mean aor tic pre ssure (mm Hg): CO = cardiac output (liters/rmn) : dP/dt max and dP/d t min
= maximal and rrunirnal left ventr icular contractil ity (first denvative of left ventncular pressure) (mm Hg . s - ,): HR = heart rate (min "'): MVO, = myocardial oxygen
consumption (ml O,/m m per 100 g) , LVE DP = left ventncular end-diastolic pressure (mm Hg): LVP = left ventricu lar pressure (mm Hg), Penod 3 wa s not measure d rn
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fixed hearts were sliced perpendicular to the apex-base axis Into
six slices and incubated in p-mtro blue tetrazolium (0.25 g/liter
0.1 M phosphate buffer) according to the method of Sandritter and
Jepadt (18). After 30 minutes' incubation at room temperature,
maximal discrimination and normal and necrotic tissue were ob-
tained. The stained rings were photographed on color transparency
film and thereafter angiograms were made with a microfocus x-
ray tube at 20 kV. The rings were submerged in water to reduce
tissue shadow and to enhance vessel contrast. Metallic markers
were placed into normal tissue to aid size adjustment at overlay
projection of the color transparency over the angiogram. The non-
stained (necrotic) area was expressed as a percent of the perfusion
area. The average of four consecutive rings was defined as the
relative infarct size. Thereafter, the slices of the left ventricle were
cut into 200 pieces for microsphere measurements.
Coronary flow and perfusion. The tracer microspheres were
9 pm In diameter and were labeled with either cerium-141, chro-
mium-51, scandium-85, niobium-95, scandmm-46 or tin-113 and
suspended in 0.5 ml of saline solution. Before injection the vials
containing the microspheres were vigorously agitated for 4 min-
utes. Then 6 million spheres per isotope OM Company) were
injected by way of the inflow cannula into the left atrium. Starting
I minute before injection and continuing until 3 minutes after
injection, blood was withdrawn with a Harvard pump from the
right femoral artery at 2.06 mllmin into a glass syringe. The micro-
spheres were injected over a 15 second period and the cannula
was flushed with 5 ml of saline solution at 37° C during the
subsequent 20 seconds. The 200 samples from each heart were
weighed to the nearest milligram, placed in glass tubes containing
10% formalin and analyzed for radioactivity in a computer-based
multichannel gamma spectrometer as described by Schaper (19).
The reference blood samples were divided into samples so that the
counting geometry was similar to that of the ventricular samples.
Flow ratio was calculated from microsphere measurements in the
ischemic and nonischemic areas in the endocardial and epicardial
layers.
In all four groups, MV02 remained at a level between 5.5 and
8 mllmin per 100 g during occlusion, streptokinase infusion and
reperfusion. No medication was administered that might have in-
fluencedthe infarct size, such as nitroglycerin, beta-receptorblock-
ing drug or alpha-adrenergic substances.
Results
Hemodynamics during and after reperfusion (Table
1). Left ventricular systolic pressure did not change sig-
nificantly throughout the study in all groups. Left ventricular
end-diastolic pressure remained unchanged in groups I (I
hour of occlusion) and II (2 hours of occlusion); there was
a significant increase of left ventricular end-diastolic pres-
sure in Groups III (4 hours of occlusion) and IV (6 hours
of occlusion) (p < 0.001) from the time of preocclusion
measurement to the time of postreperfusion measurement;
dP/dt showed a marked but not significant decrease only in
Group III. Cardiac output remained unchanged in Groups I
and II and decreased significantly in Groups III and IV from
the preocclusion to the postreperfusion period (p < 0.001).
In all dogs, heart rate showed a significant (p < 0.001)
increase from preocclusion to the end of the experiment.
Myocardial oxygen consumption remained unchanged in
Groups II, III and IV and increased significantly in Group
I from the beginning to the end of the postreperfusion period
(p < 0.01).
Lysis of thrombus. After removal of ligations, the oc-
cluding thrombus of the vessel was visualized by angiog-
raphy in all cases. The occluding thrombus was flushed into
the periphery during the injection of the contrast medium
in two dogs from Group I and in one dog from Group II.
In the remaining dogs, there was persistent thrombus at the
site of previous ligations causing total occlusion.
Mean lysis time (± standard deviation) was 4.6 ± 2.1
and 8.4 ± 2.9 minutes in Groups I and II, respectively.
Lysis time was significantly longer in Group III than in
Groups I and II (15.2 ± 3.9 minutes, p < 0.01), it was
significantly longer in Group IV than in Groups I, II and
III (30.8 ± 5.5 minutes, p < 0.01).
Coronary flow and myocardial perfusion (Table 2). At
the end of occlusion time and prior to reperfusion electro-
magnetic flow measurements indicated a flow of 3 ± 3 mil
min in the occluded vessel in Group I and a flow of 2 ±
2 mllmin in Group III; in Groups II and IV the electro-
magnetic flow measurements showed no flow. In all dogs
there was an increase of flow at the time of partial dissolution
of the thrombus. Flow increased to 25 ± 8 mllmin in Group
I, to 26 ± 11 mllmin in Group II, to 39 ± 15 mllmin in
Group III and to 29 ± 9 mllmin in Group IV. There was
no significant change in coronary flow during the control
period after reperfusion in any of the dogs.
In all groups, a difference between endocardial and ep-
icardial flow ratio was found with the tracer microsphere
method (Table 2). Both endocardial and epicardial flow
increased at the time of reperfusion and during the first 15
minutes after reperfusion; subsequently, there was a sig-
nificant decrease of flow in the endocardial layers, whereas
epicardial flow remained unchanged.
Ventricular arrhythmias. After closure of the left an-
terior descending or circumflex artery in the remaining 20
dogs in this study, 3 dogs had immediate ventricular fi-
brillation. Defibrillation was immediately successful in all
animals. Six dogs developed transient multifocal ventricular
premature beats. In one dog, ventricular tachycardia oc-
curred for 5 minutes. At the time of increased flow in the
previously occluded artery, ventricular fibrillation occurred
in two dogs from Group I, in three dogs from Group II and
in one dog from Group III. Sinus rhythm could be imme-
diately reestablished by countershock with 50 W in these
six dogs; these dogs remained in the study for further anal-
ysis. Three dogs in Group I showed multifocal persistent
premature ventricular beats after reperfusion; one developed
new left bundle branch block 5 minutes after reperfusion,
and one developed type I atrioventricular block. In Group
II, three dogs showed persistent multifocal ventricular beats,
and one developed bigeminy for 40 minutes. In Group III,
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Table 2. Mean Coronary Flow and Endocardial/Epicardial Flow Ratio Before. During and After Reperfusion
Coronary Flow (rnl/rrun)
Time Frame Infarct Vessel Control
Group I (I hour of occlusion)
I 25 ± 5 zs ± 3
2 3 ± 3 37 ± II
4 25 ± 8 35 ± II
5 30 ± 6 42 ± 15
6 29 ± 4 33 ± s
7 30 ± 7 30 ± 5
Group II (2 hour... of occluvion)
I 28 ± 3 zs ± 3
2 0 39 ± 9
3 I ± I 44 ± 8
4 26 ± II 49 ± Ig
5 40 ± 9 42 ± 13
6 22 ± 3 46 ± II
7 20 ± 5 3g ± 10
Group III (4 hour... of occluston)
I 37 ± 7 45 ± 15
2 2 ± 2 36 ± 7
3 5 ± 3 35 ± 8
4 39 ± 15 63 ± 18
5 40 ± 8 49 ± 12
6 40 ± 8 46 ± 10
7 35 ± 8 5g ± 15
Group IV (6 hour; of occlusion)
I 27 ± 5 58 ± Ig
2 0 3g ± 7
3 3 ± 2 43 ± 8
4 29 ± 9 49 ± 13
5 32 ± 10 45 ± 9
6 38 ± 10 5g ± 14
7 33 ± 15 56 ± 18
pin Ratio
Subendocardial
0.2
087-
095
072
068
0.26
031
0.54'
0.72
0.62
044
0.11
014
042'
072
06
061
0.16
0.17
090:
071
047
0.37 :
Epicardial
037
1.2
l.03
096
l.01
032
047
097
085
0.79
0.96
031
0.37
0.71
097
0.83
0.77
028
041
096
1m
095
I os
*p<O.05.
Time frames 1 to 7 as In Table 1. control = before coronary occlusion, pin ratio = ratio of flow In the perfusion area of the occluded artery (p) to the control area (n)
Penod 3 was not measured In Group I.
all dogs had transient premature ventricular beats after re-
perfusion; in one dog bigeminy occurred. In Group IV, no
ventricular fibrillation occurred; one dog developed left bun-
dle branch block, and three had transient premature ven-
tricular beats.
Infarct size and location (Fig. 3 to 6). Postmortem P:
nitro blue tetrazolium staining revealed myocardial infarc-
tion in all dogs. Infarct size was 20 ± 4% (mean ± standard
deviation) of the perfusion area of the recanalized vessel in
Group 1,50 ± 7% in Group II, 34 ± 6% in Group III and
48 ± 7% in Group IV. Infarct size in Group I was signif-
icantly smaller (p < 0.05) than in Groups II, III and IV.
In addition, infarct size in Group III was significantly smaller
than in Group IV (p < 0.05). Macroscopic examination of
all slices of the left ventricle revealed that all Group I dogs
had had a confluent infarct restricted to the inner zone of
the subendocardium and patchy areas of necrosis involving
the middle zone of the myocardium (Fig. 3). In Group II.
the infarct area was confluent and involved half of the rnyo-
cardial tissue in the perfusion area (Fig. 4). In Group III,
the subendocardial layer was completely infarcted, but the
middle part of the myocardium in the infarct area showed
a patchy and nonconfluent necrosis (Fig. 5). In Group IV,
there was a nearly transmural infarction in some areas; how-
ever, the necrosis was patchy and nonconfluent in the middle
and subepicardial tissue. Hemorrhage, restricted to the cen-
ter of the necrosis in the subendocardial layer, was found
in all dogs in Group IV but in no dog in Groups I, II and
III (Fig. 6).
Discussion
Various experimental models have been developed to
study the effects of acute coronary occlusion and reperfu-
sion. The most common model has been ligation of the left
anterior descending artery, introduced by Harris and Rojas
(20) in 1943. To avoid thoracotomy, catheter techniques
were developed producing obstruction by means of an in-
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Figure 3. Left ventncular myocardium after postmortem staming with p-
nitro blue tetrazolium in a dog from Group I with reperfusion after I hour
of coronary occlusion. The perfusion area of the occluded vessel IS indi-
cated by two markers (top). The pale area in the subendocardium represents
the necrosis after I hour of occlusion and subsequent reperfusion. The
infarct is confluent m the inner zone of the subendocardium and patchy in
the middle zone of the myocardium.
flated balloon on the catheter tip (21), or by producing a
local clot by electrically (22) or chemically (23) activating
coagulation. By using the thrombogenic properties of alu-
minum-magnesium alloy or copper wires, occlusive coro-
nary thrombi can be produced (24,25). However, in human
subjects acute coronary artery occlusion is most commonly
caused by a thrombus superimposed on an atherosclerotic
lesion. The fixed atherosclerotic lesion was imitated in our
experimental setting by applying a constriction correspond-
ing to a luminal reduction of 75 to 80%.
Figure 4. Left ventricular myocardium after postmortem staining with P:
nitro blue tetrazolium in a dog from Group II with reperfusion after 2 hours
of coronary occlusion. The pale area m the perfusion area of the occluded
artery (top) demonstrates a confluent infarct involving the subendocardial
and middle part of the myocardium.
Figure 5. Left ventricular myocardium after postmortem staining with P:
nitro blue tetrazolium in a dog from Group III with reperfusion after 4
hours of occlusion. The mfarct area (pale) involves the total subendocardial
tissue of the perfusion area (top) and shows a patchy and nonconfluent
infarct in the middle part of the myocardium.
Thrombus production and lysis. Boyles et al. (23) first
introduced the technique of producing thrombi by injection
of thrombin. Histologic studies confirmed the similarity of
the experimental thrombus to naturally occurring human
arterial thrombus (26). In all dogs of our series, thrombotic
obstruction was demonstrated by coronary angiography im-
mediately after removal of the ligations. In two dogs from
Group I and one dog from Group II, the thrombus was
flushed into the periphery of the obstructed vessel during
the dye injection. This is in concordance with the findings
of Mathey et al. (3), who saw the same effect in patients
in whom coronary angiography was performed within 2
hours after onset of infarct symptoms.
Our findings suggest that lysis time is dependent on the
Figure 6. Left ventricular myocardium after postmortem staining with p-
nitro blue tetrazolium in a dog from Group IV with reperfusion after 6
hours of occlusion. The infarct area is confluent and hemorrhagic in the
subendocardium (arrows). The middle and subepicardial myocardial tis-
sues, however, show a patchy and nonconfluent myocardial infarct.
EXPERIMENTAL THROMBOLYSIS
Figure 7. Diagram of the mean values of
coronary flow (C flow) and myocardial per-
fusion (ratio of flow in the perfusion area of
the occluded artery [pI to the controlarea [n]:
pin ratio) in dogs from Group IV (6 hours of
occlusion).
Control = beforecoronary occlusion; end
of lysis == after I hour of streptokinase in-
fusion; end of occlusion == after 6 hours of
occlusion; endo == subendocardialtissue; epi
= subepicardial tissue; lig. open == after
removal of both ligations; reperfusion == time
after whichreperfusionwasachievedby lysis
of the clot; 15 min == 15 minutes after re-
perfusion; 2 h after lysis == after 2 hours of
reperfusion .
C flow
Imll mln)5
flow
rati o 1,
[~] 0.8
0.6
0.4
0.2
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previous occlusion time. These findings agree with the ex-
perimental results of Kordenat et a1. (25), who found a linear
relation between the age of the thrombus and the time re-
quired to attain complete lysis. In two recently published
clinical studies (2,3), a relation was found between the
duration of chest pain and required lysis time.
Myocardial flow during reperfusion (Fig. 7). The
minimal flow to the infarcting area, which was demonstrated
by microspheres after coronary occlusion, was most likely
related to collateral vessels (19). At the time of reperfusion ,
myocardial blood flow in the epicardial layer showed an
immediate significant increase to normal levels in all groups,
whereas restorationof endocardial flow was delayed in Groups
I, II and Ill. The increase of endocardial flow after reper-
fusion was possibly due to further lysis of thrombotic ma-
terial at the site of the stenosis or in the periphery of the
occluded artery. Following the initial increase , endocardial
flow started to decrease at about 15 minutes after reperfusion
in all groups . However, this decrease achieved statistical
significance only in Group IV. This is in agreement with
the experimental results of Bloor and White (27), who found
slow coronary flow only if reperfusion was performed after
more than 6 hours of occlusion. Histologic studies have
revealed intracellular edema and inflammatory reactions,
which might increase extravascular resistance after reper-
fusion . These changes are known to be more extensive with
longer occlusion times (28,29).
Ventricular arrhythmias during reperfusion. Malig-
nant ventricular arrhythmias after occlusion and during re-
perfusion are reported to be the other major hazard in early
recanalization of the infarct vessel in animal experiments
(30-36). In our experiments, ventricular fibrillation oc-
curred in 62% of dogs after reperfusion within the first 2
hours of coronary occlusion, that is, in two of five dogs of
Group I and in four of six dogs of Group II. Reperfusion
achieved by a sudden release of a mechanical obstruction
has resulted in ventricular fibrillation in 70 to 85% of the
cases (30,37) . On the other hand, reperfusion achieved by
a different model as reported by Moschos et a1. (38) was
not associated with arrhythmias . Sudden release of a me-
chanical obstruction is known to result in reactive hyperemia
(39,40) . In our experiments normalization of blood flow
was achieved rapidly , but without a hyperemic phase; in
the studies of Moschos et a1. (38), normalization of coronary
flow occurred gradually. The incidence of ventricular fi-
brillation appears to be related to the rate and extent of flow
increase immediately after reperfusion. Duration of occlu-
sion may be a second factor influencing the rate of reper-
fusion arrhythmias, as in our experiments ventricular fi-
brillation occurred in only one dog of Group III and in no
dog of Group IV. Reperfusion promptly restores electrical
activity in fibers made unresponsive by ischemia as dem-
onstrated by Downar et a1. (41); it is likely that reperfusion
may also transiently reestablish the conditions necessary for
reentry , resulting in the emergence of ectopic activity (42).
Because conduction delay is shortest in the endocardial layer
(43,44) , incidence of ventricular fibrillation decreases with
the amount of irreversible necrosis in the subendocardium.
Infarct size after reperfusion. p-nitro blue tetrazolium
staining after reperfusion has been shown to be a reliable
method for determining infarct size (17,45,46) . This method
requires 90 minutes of postocclusion reperfusion in order
to show necrosis, independent of the previous occlusion time
(46). In a previous study, similar correlation of infarct size
was found between the macrohistochemical p-nitro blue tet-
razolium method and conventional histology (47).
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No control group was used because the primary aim of
the present study was to assess changes in infarct size rel-
ative to different durations of occlusion time; this assessment
does not require control dogs that did not undergo reper-
fusion. Numerous studies have determined infarct size after
various periods of coronary occlusion. In agreement with
other reperfusion experiments, we observed an increase of
infarct size with the duration of coronary occlusion (48-
50). Furthermore, there was no difference in the extent of
myocardial necrosis after recanalization by streptokinase as
compared with reperfusion by release of a mechanical ob-
struction after 1,4 and 6 hours of occlusion (48,50,51).
The larger infarct size in our dogs with 2 hours of occlusion
may be due to the large incidence of serious ventricular
arrhythmias necessitating prolonged resuscitative efforts.
Reperfusion hemorrhage. In our experiments, as well
as in other studies in which reperfusion was achieved by
release of a mechanical obstruction, myocardial hemorrhage
occurred only after 6 hours of occlusion and was restricted
to the center of the subendocardial necrosis (48,5 1,52).
Fishbein et al. (52) demonstrated that hemorrhage is caused
by disruption of endothelium of large intrarnyocardial ar-
teries. Kloner et al. (53) demonstrated that endothelial injury
occurs 4 to 6 hours after occlusion. As shown by our results,
the minimal occlusion time required for occurrence of hem-
orrhage is not altered if reperfusion is achieved by local
application of streptokinase. Our findings indicate that re-
perfusion achieved by local infusion of streptokinase does
not result in increased hemorrhage or necrosis.
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